INTRODUCTION
The importance of energy crops has increased in recent years, especially with the interest in the production of biofuels. Human civilisation try to find solutions for insufficient energy supply and decreasing emission of green house gases is renewable energy sources utilization. Biogas production from biomass is surely one of the possible solutions. Due to the high yields of biomass and a significant calorific value Japanese knotweed (Polygonum cuspidatum) seem to be a promising source of renewable energy in appropriate areas (Bernik et al. 2007; Gregorczyk et al. 2012 ). Japanese knotweed is very expansive and thermophilic perennial plant producing stems that grow up to 2.5−3 m in height. The leaves contain up to 27% protein and 16% fiber in dry matter. As much as 51% fiber can be found in stems of Japanese knotweed (Smith et al. 2007 ). Due to the presence of organic compounds called stilbenes, it is used in medicine. The root and rhizomae of Polygonum cuspidatum sieb.et Zucc., used in many combined decoction, is safe and effective in the treatment of cardiovascular diseases (Du et al. 2009 ). According Fei et al. (2008) Polygonum cuspidatum has an antidiabetic properties and Shan et al. (2008) demonstrated that he crude extract of Polygonum cuspidatum roots possessed strong antibacterial activity against five foodborne bacteria. The intake of an extract of Polygonum cuspidatum containing resveratrol suppresses oxidative stress and inflammation in normal subjects (Ghanim et al. 2010) . In many countries, dietary supplements containing Japanese knotweed rhizome are introduced into the market due to the very high content of resveratrol and other active substances (Spainhour 2008) . In China, Japan, and Korea, young above ground shoots and rhizomes are utilized as "wild vegetable" (Jeong et al. 2010) .
The soil degradation, including erosion, is a negative effect of agriculture intensification (Souchere et al. 2003) and in consequence, the movement and loss of organic matter, fine particles of minerals and nutrients occurs (Fanglong et al. 2007 ). Growing perennial biomass crops additionally contributes to other environmental benefits, like a reduction of pesticide and erosion and an increase in biodiversity (Lewandowski and Schmidt 2006) .
To obtain high good-quality yields of crops requires agricultural treatments. Fertilization is very important for the growth, yield and photosynthetic activity of energy crops (Ercoli et. al. 1999) . Animal manures may contribute to improving the soil's physical conditions and are important source of Ca, Mg, S, and micronutrients; they contain only low and highly variable amounts of N, P, and K (Odedina et al. 2011) . The increased supply of plants with nitrogen activates growth processes, which is reflected, among others, as the increased number of leaves (Amiri et al. 2012) . Nitrogen deficiency inhibits plant growth by reducing the chlorophyll content in leaves, which in turn reduces the efficiency of photosynthesis, and in consequence decreases the yield. Okoroafor et al. (2013) reported that application of organic manure highly increase maize plant height, number of maize leaves, stem girth and yield of maize. All physiological processes like photosynthesis, transpiration, cell turgidity, cell and tissue growth in plants are directly affected by water availability (Sarker et al. 2005) . Climate change predictions show clear increases in temperatures (and concomitant increase in potential evapotranspiration) and more frequent episodes of climatic anomalies, such as droughts and heat waves. Consequently, the optimization of water use for crops by improvement of WUE is a challenge for securing agricultural sustainability (IPCC 2013; Medrano et al. 2015) . Fertilization phosphorus can improve WUE and helps crops achieve optimal performance under limited moisture conditions. The considerable enhancement in the water use and WUE by the crop could be attributed to the increase in root growth with high P supply (Alkhader and Rayyan 2013) . Influence of mycorrhiza on the increased resistance of plants to drought and improvement of nutrients bioavailability is now well known and documented (Ruiz-Sanchez et al. 2010; Rapparini and Peñuelas 2014) . Effective microorganisms can be envisaged as an addition to the mycorrhizal helping activity involved in mycorrhizal plant responses (Vivas et al. 2003) .
Agricultural practices are important to optimize production and improvement quality yield of plants. However, research on the effect of effective microorganisms and fertilization manure on the yield, growth and physiology of Japanese knotweed is limited. This justifies the tests undertaking which goal was the assessment the impact of effective microorganisms and fertilization manure on the yield, photosynthetic activity, water use efficiency of Japanese knotweed and contents of selected minerals in soil.
MATERIAL AND METHODS

Study sites and plant material
Field experiment was conducted in 2014−2015 on sandy clay soil type at Lipnik Experimental Station (53º12'N; 14º27'E), Poland. The soil on which the experiment was conducted belongs to the typical rusty soils group (Systematyka gleb Polski 2011) and is classified as Haplic Cambisol (IUSS WORKING GROUP WRB 2014). The experiment was set on light, good rye complex soil of a IVa soil class. The soil is classified as brown soil developed from light loamy sands, with acidic pH (pH 1 M KCl = 4.9).
The subject of the study included eight years old plants of Japanese knotweed (Polygonum cuspidatum Siebold & Zucc). The outline of the experiment was set according to the factors:
Application of effective microorganisms (EM) by means of soil spraying using EM preparation, which was mixed with the soil to achieve better effects.
Fertilization (granulated manure) -0.3 kg per circle. Inoculation was done by product EmFarma Plus TM (twiece-2 ml per plot). The preparation contains properly selected composition of microorganisms, genetically not modified microorganism strains and their metabolites contained in fermented mixture made of natural components (http://www.probiotics.pl). Granulated manure contains (minimum): N -2.1, P 2 O 5 -1.6, K 2 O -5.9, Ca -2.0, Mg 0.5 (% d.m.), organic substances -60% d.m., humic substances -25% d.m.
The experiment was conducted in the totally random system. The circle size was 0.8 m 2 . The experiment consisted of four objects, in four replication: 1 -control, without EM and fertilization; 2 -effective microorganisms, EM; 3 -fertilization granulated manure; 4 -EM and fertilization granulated manure.
Climatic conditions
The atmospheric conditions in the years of the studies are presented in Table 1 . In comparison with the mean values of meteorological parameters during the years 1961-2004 the study years were warmer by 1.3ºC in first year and by 0.7ºC in second year. Of the two years of study in the first year the precipitation was higher than in analogical period of the multiyear (by 131.7 mm), whilst the 2015 year was drier (lower precipitation by 78.1 mm, on average). Yield, morphological and physiological measurement The yield of the plants were determined by gravimetric. The measurements of the plants morphological traits: height, diameter of stem, made using a centimeter and caliper.
The measurements of the leaves photosynthetic activity in each year were taken in the dynamic using a LCA-4 analyser (ADC Bioscentific LTD, Hoddeson, Great Britain). In the year 2014 the measurements were taken on June 19, July 23 and August 25. In the year 2015 the measurements were taken on June 14, of July 25 and August 27. The leaves chosen for the measurements were well developed, taken from the middle part of one year old shoots on the outer part of plants, in the middle of height. The analysis was conducted on fully developed leaves without any signs of ageing or mechanical damage. The measurements included: NET photosynthesis intensity (Pn), stomatal conductivity (g c ), internal CO 2 concentration (Ci) and leaves transpiration index (T). The photosynthesis water use efficiency (WUE), which mainly depends on the environmental factors, was determined on basis of the ratio of the photosynthesis index to the transpiration (Pn/T). At the same time, the genetically determined momentary water use efficiency (WUEI) was assessed on basis of the ratio of the photosynthesis intensity to stomatal conductivity (Pn/g c ).
Chemical analysis
The soil samples were collected in the spring and autumn from each variant of the experiment with soil layers 0-30 cm. Soil samples were collected using sticks Egner, from several places. From the obtained samples created an average aggregate sample for each experimental variant.
The soil's pH KCl was determined potentiometrically. The amount of organic carbon was determined through oxidation with dichromate (VI) in sulphuric acid (VI). The content of organic matter was assessed through multiplying the organic carbon amount by 1.724 coefficient.
Nitrogen was determined in the solutions derived from mineralization of the soil samples in sulphuric acid (VI) with H 2 O 2 -Kjeldahl's method. The content of exchangeable phosphorus and potassium was established by Egner-Riehm method. Extraction with buffered barium chloride solution (pH = 8.1) was applied in order to determine replaceable forms of magnesium and calcium content in the soil.
Total elements (K, Ca, Mg, Fe, Mn, Zn, Pb, Cd, Ni and Cu) were determined in the soil after wet burning in a mixture of nitric (V) and chloric (VII) acids. The analyses were conducted using an Absorption Spectrometer apparatus (Thermo Fisher Scientific, iCE 3000 Series). Phosphorus was determined by calorimetrically with ammonium molybdate, at wavelength 470 nm.
Statistical analysis
The results have been statistically overworked using one-factor analysis of variance (ANOVA) in complete randomized design. Differences between mean values were indicated by least significance difference (LSD), calculated using Tukey test. Statistical significance was declared at p < 0.05 level. For calculation was used Statistica 10 version.
RESULTS AND DISCUSSION
The average yield of Japanese knotweed in the years of research (2014−2015) and selected morphological characteristics are shown in Table 2 . The statistical analysis indicated that the applied agricultural practices did not significantly differentiate the properties of plants. The average plant yield was 5.2 kg . m 2 fresh mass and the difference in the yield between particular experimental combinations ranged within 0−3%. These findings are confirmed by studies of Van Vliet et al. (2006) , who reported ineffectiveness of EM preparation on the manure quality and grass yielding. Although statistically significant effects of tested factors on the height and the number of plants were not proven, they were higher and more numerous on plots where agricultural practices were used. The use of effective microorganisms (EM) in combination with manure fertilization increased the number of plants by 13% as compared to the control. Higher plants were grown on plots with EM preparation and EM preparation and fertilized, respectively by 9%, which confirms the results reported by Minaxi et al. (2013) and Okoroafor et al. (2013) . At the same time, the plants were characterized by lower stem diameter, by 15% and 5%, respectively. Environmental conditions, availability of water, minerals, and plant species are key factors determining the process of photosynthesis. The authors (Borde et al. 2010; Nowak and Nowak 2013 ) inform about elevated photosynthetic activity of mycorrhized plants. Amaya--Carpio et al. (2009) believe that the use of arbuscular mycorrhizal fungi (AMF) increases nutrient uptake from organic fertilizers and consequently the rate of photosynthesis. Analysis of results of own research revealed variable response of Japanese knotweed to the applied agricultural practices (Table 3) . Under conditions of periodic water shortages, especially in the second, drier and warmer year of research, the greater intensity of photosynthesis characterized plants growing on the control plots. Assimilation intensity (P n ) -as average within many years -of Japanese knotweed leaves was significantly lower on plots with EM preparation (by 43%), on fertilized (by 45%), and on plots with EM preparation and fertilized (by 32%) as compared to the control. Plants that assimilated less intensively were also characterized by lower levels of transpiration. Plants from plots fertilized with manure (48%), and with EM preparation and fertilized with manure (41%) transpired significantly the least as compared to the control. In the first year of study, more than two-fold significant increase in the leaf stomatal conductance treated of EM preparation and fertilized Japanese knotweed, was recorded. Significantly higher concentration of CO 2 (from 19% in Japanese knotweed fertilized with manure to 39% in treated of EM plants) was found in 2014. In the subsequent year, higher CO 2 levels were recorded only in leaves of fertilized with manure Japanese knotweed (by 24%) as compared to the control. The temperature of leaf in fertilized plants increased significantly by 6%. Water use efficiency (WUE), dependent on the environmental conditions and transpiration intensity, very well defines the plant's water balance during the vegetation. In the experiment, the WUE did not significantly depend on tested experimental factors (Table 4) . However, it is worth underlining that on objects fertilized with manure as well as EM preparation and manure higher values of water use efficiency (WUE) were determined in 2015 (drier and warmer year) suggesting better utilization and management of water by plants under conditions of water deficiency or its considerable limitations within the soil (Blum 2005) . Candido et al. (2015) received similar results. It also confirms that WUE is closely associated with transpiration: the lower transpiration intensity, the better utilization of water by plants (higher WUE values) (Jaroszewska 2015) . Values of momentary water use efficiency (WUEI), that is genetically determined, was significantly higher for plants growing on the control object in the first year of study (Table 4) . A similar trend was noted in the subsequent season, although no statistically significant effects of the studied factors on WUEI were observed. The pH of the soil largely determines the solubility of minerals, affects the appropriate development of plants and soil microorganisms. Japanese knotweed has a high resistance to habitat conditions and low soil pH. In this study, there was no significant effect of agronomic treatments on the value of this characteristic. The pH of the topsoil layer (0−30 cm) was similar in all experimental combinations and formed within the range from 4.4 to 5.3 (Table 5) , which means that alkaline reaction was not present on any plot. Organic matter occurring in soil plays a very important role in the nutrient circulation. Its presence determines the nutrient profiles, soil structure, water holding capacity, and pH (Dai 2011) , and its content can be increased by fertilizers application (Quintern et al. 2006) . Some positive impact of manure treatment on organic carbon content in soil was reported by Siwik-Ziomek and Lemanowicz (2014) as well as Cvetkov and Tajnšek (2009) . In own studies, no significant differences in organic matter and organic carbon contents in compared objects were observed. Slightly higher levels of organic matter (by 13%) were recorded in treated of EM preparation soil in combination with manure fertilization than in soil treated with manure (by 9%) as compared to the control (Table 5) .
According to Sanchez (2002) , the lack of some macronutrients in the soil is a fundamental factor that limits the yields of worldwide crops. Plant's reaction to their deficiency varies and results from the role they play. One of the basic functions is participation in building the important organic compounds present in a plant. Agricultural practices significantly differentiated the content of selected macronutrients in soil (Table 5 ). Nitrogen limitation is associated with decreased enzyme activities that are required for energy metabolism such as photosynthesis and respiration (Shin et al. 2005) . The largest amounts of nitrogen were observed in the soil from control plots. Soil fertilized with manure contained its lowest quantities (0.3 g · kg -1 , i.e. 57%). The lack of significant influence of animal-origin manure on nitrogen content in soils was proven by Odedina et al. (2011) . Plants require adequate phosphorus from the very early stages of growth for optimum crop production. Restricted early-season phosphorus supply frequently limits crop production. Long-term input of P through fertilizers and manures can influence the amount and phytoavailability of phosphorus in the system and the development of mycorrhizal associations (Grant et al. 2005) , which is in part confirmed in own study. Application of EM preparation with manure increased the content of phosphorus in soil by 12%. The objects with EM preparation revealed by about 39% less phosphorus content than objects without EM preparation (control). Potassium is essential in all cell metabolic processes. Potassium deficiencies in the soil can thus become a serious problem, because its amounts are easily reduced due to the uptake by plants, runoff, leaching, and soil erosion (Abou-El-Seoud and Abdel-Megeed 2012). According to Bohrer et al. (2003) , bio-inoculants efficiently enhance this element concentrations in the soil. In own study, potassium content in all compared experimental objects was significantly lower than in the control. The lowest amounts of potassium were found in treated of EM preparation soil (112.0 mg · kg -1 d.m., i.e. 51%). Achieved results did not confirm those published by Ramakrishnaiah and Vijaya (2013) , who showed a positive impact of VAM fungi, Azotobacter and PSB on nitrogen, phosphorus, and potassium contents in the soil. Magnesium is involved in the processes of photosynthesis, respiration, and phosphorus uptake by plants.
The least magnesium was contained in soil from EM preparation plots (by 20%), the highest − soil fertilized with manure (by 114%) as compared to the control. Concentration of calcium is inseparably related to the soil pH, and it was significantly higher on the plots, where higher pH was recorded. The own study results correspond with those achieved by Odedine et al. (2011) and Mucheru-Muna et al. (2007) , who reported the increase in magnesium and calcium contents in manure-treated soils.
Heavy metals in small doses are microelements necessary for a proper plant development and course of many metabolic processes. The presence of metals in the soil in excessive doses can, however, be a potential hazard to plants and underground water due to the excessive, often exceeding the physiological demands, uptake by plants from contaminated soils, which in consequence can be phytotoxic. Thirteen trace metals and metalloids (Ag, As, Be, Cd, Cr, Cu, Hg, Ni, Pb, Sb, Se, Tl, Zn) are considered priority pollutants (Sparks 2005; Gadd 2010 ). Excessive amounts of copper, nickel, cadmium, lead, or zinc negatively affect the growth and development of plants, disturb the photosynthesis processes, cell division, water balance within plants. In our study, the concentration of metals did not exceed the limits in any of the studied experimental objects (Regulation of the Minister of the Environment 2002) - Table 6 . According to many researches (Gadd 2007 (Gadd , 2010 , microbial activities frequently result in immobilization or mobilization of metals, depending on the specific organisms and mechanisms involved, as well as the microenvironment, in which these processes are taking place. The EM preparation used in the experiment significantly reduced the contents of copper, nickel, cadmium, and zinc in the test soil, respectively by 18%, 12%, 6%, and 11%. The content of these metals in soil sampled from fertilized and EM preparation and fertilized plots, was significantly more than in the soil of the control. Increasing the content of copper and zinc in soil under the influence of manure was confirmed by studies carried out by Zhan et al. (2014) . Bioavailability of lead in the soil depends largely on the soil pH, organic compounds, and phosphorus content. The amount of soluble lead and the solubility percentage is even greater, when the soil is more acidic. In our study, in the treated of EM preparation soil with very acidic reaction, the largest amount of lead was recorded among all compared objects (by 34% as compared to the control). Manganese is an activator of numerous enzymatic processes and a growth stimulator. Toxicity of manganese, according to Marschner (1988) , for plants depends on the transformation of the compounds of this element in the soil and the plant characteristics (species and genotype). As with other micronutrients, the limit between deficiency or excess of manganese is very narrow. The largest amounts of manganese in the soil were recorded on fertilized as well as EM preparation and EM preparation and fertilized plots, respectively by 48% and 34% more than on control plots. The least contents of manganese were found in mycorrhized soil (by 12%), which according to Olszewska and Grzegorczyk (2008) , can be a result of worse assimilation and transpiration intensity in leaves of Japanese knotweed grown in that experimental combination (Table 3) . Iron excess causes blocking the phosphorus uptake, and in combination with other minerals, it has a toxic effect on plants. No significant effect of EM preparation and manure treatment on the iron content in the soil was observed. However, among compared objects, soil fertilized with manure contained the largest quantities of iron, which was confirmed by Brzeziński and Sosulski (2009) .
CONCLUSION
Summing up the results of research, it can be concluded that the use of EM preparation and manure fertilization had no significant effect on the yield of Japanese knotweed. There were neither significantly differentiated the number of plants per plot, their height, and diameter of stems. Plants fertilized with manure and EM preparation with manure treatment revealed higher concentrations of studied macronutrients (magnesium, calcium, phosphorus) and microelements, which did not affect the increase in the photosynthetic activity in leaves. The EM preparation used in the experiment reduced the contents of copper, nickel, cadmium, and zinc in the soil. Greater intensity of assimilation and transpiration was observed in plants grown in the control plots. The coefficient of water use was dependent on the transpiration rate. The higher transpiration coefficient, the lower WUE. Plant grown on objects fertilized with manure as well as EM preparation and manure-treated better utilized water during its shortages (in 2015 year). Availability of heavy metals to plants is determined by means of the so-called bio-availability coefficient (ratio of the metal content in the plant to its content in the soil), which means that necessity to expand the research upon the analysis of the plant material and to continue in the subsequent years due to the relatively short period of measurements and analyzes.
